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Abstract: 
 
Purpose: The aim of the research is to identify and assess the negative external effects of 
agricultural activity and determine whether their level is dependent on the size of farms, 
agricultural area expressed, in spatial terms in Poland.  
Design/Methodology/Approach: The time range of the collected research material covered 
the years 2008-2015. A synthetic measure of the assessment was used, which enabled 
ranking the studied regions in terms of the indicator of agri-environmental externalities. In 
order to verify the accepted hypothesis, an econometric model explaining the relationship 
between the emerging environmental effects and the surface of farms is proposed. The 
collected empirical material aggregated in the panel form is used to build the model.  
Findings: The results indicate significant differences in the generation of negative 
environmental effects between regions in Poland. It is also found that there is a relationship 
between the size of agricultural area on farms and the level of negative agri-environmental 
externalities. 
Practical Implications: The results obtained may be used for development of the agricultural 
policy, aimed at agricultural companies, depending on their size, expressed as the area of 
arable land. 
Originality/Value: The results are original due to the possibility of being used in any country 
(region). They enable identification of environmental threats caused by agricultural 
production, depending on farm agricultural enterprise size. They may be used for 
development of prospective scenarios for agricultural policy. 
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1. Introduction 
 
The basic function of agricultural activity is the production of food or raw materials 
for food production. To produce food, the farmer uses all production factors in a 
more or less intensive way. A higher level of production intensity usually gives 
higher incomes, which, however, can lead to negative effects on the environment 
and people. Research in this area indicates that a higher degree of socio-economic 
development is associated with a more intensive use of resources of the natural 
environment (Bertoni and Olper, 2008). Farmers who own or use land have a direct 
impact on the natural environment (including soil, air, ground and surface water), 
through fertilization, chemical plant protection or other agrotechnical measures 
(Gołębiewska et al., 2016). Excessive intensity of these activities can lead to 
environmental degradation. Bos et al. (2013) indicate that intensification in 
agriculture improves use of natural resources, but also increases emission per 
hectare, and may be associated with specialization, increase in scale and 
concentration of production. Shah and Wu (2019) have pointed out that intensive 
agricultural production, failing to maintain environmental balance, has led to 
deterioration of soil quality and serious environmental problems. 
 
It is assumed that farm size is one of the factors that determine intensity of 
agricultural production. Large agricultural enterprises increase their production 
expenditures, seeking profit. Therefore, it is indicated that large, highly specialized 
and highly intensive farms may represent a higher environmental risk. Balmford et 
al. (2018), however, have indicated that little research exists on the correlation 
between farm size, yield and external effects generated. Research conducted by 
Akpan et al. (2017) has confirmed the negative impact of farm size on intensity of 
use of arable land. On the other hand, increase in fertilizer use, household size and 
farm output affected land use intensity positively. As it has been noted that high 
production intensity constitutes an environmental hazard (Novikova 2014; Sayer and 
Cassman, 2013), increase in farm size should contribute to reduction of negative 
external effects.  
 
Research by Wu et al. (2018), conducted in China, indicates that small farms tend to 
overuse chemical plant protection agents. The authors have even stated directly that 
increase in farm size would substantially reduce consumption of chemical products 
in agriculture, as well as their environmental impact. Different conclusions have 
been reached by D’Souza and Ikerd (1996), who have stated that small farms have 
some substantial environmental advantages over big ones, and small farmers are 
often more interested in sustainability. Small farms usually utilize many production 
means created in the farm (the so-called internal cycling), such as manure or 
compost, while large farms tend to use purchased means of production, such as 
agricultural chemical products. Farmers operating on a large scale, in large 
agricultural enterprises, are less engaged in management of other resources, such as 
environmental resources (e.g. the surrounding forests, water, which are significant 
for sustainable development of the region (Jordan, 2002). While small farms are of 
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lesser importance in terms of production volumes, their number is high and they 
constitute an integral part of the rural community. According to data, there is more 
than 570 million farms all over the world, including more than 475 million farms 
smaller than 2 hectares (around 84%) (Lowder et al., 2016). Therefore, the issue 
under discussion is important, and it should encourage us to search for optimum 
solutions in terms of environmental hazards caused by agricultural production.  
 
2. Literature Review 
 
As far as environmental protection is concerned, there is mainly an increase in the 
use of both mineral and natural fertilizers (Mangmeechai, 2014) and pesticides 
(Gatzweiler and Hagedorn, 2003). High production intensity, leading to higher 
yields, causes production to increase. This is a serious problem in terms of feeding 
the ever-increasing population of the world. The United Nations Food and 
Agriculture Organization say that global agriculture will have to produce over 50% 
more food by 2050 due to the growing population. However, some research results 
indicate that on larger farms, due to the use of precise production technologies, there 
is a greater possibility of preserving environmental standards. Research by Bertocchi 
et al. (2016) indicate that environmental and social elements are more dependent on 
the production system on farms related to their specialization, multi-functionality 
and size of land area.  
 
The negative effects of agricultural activity, often arising as a side effect of the core 
activity (external effect), can be very diverse, especially spatially Lewis et al. 
(2008). Due to the fact that they mainly concern the natural environment, there are 
as many of them as the elements that make up this environment. Pollution generated 
by agricultural production is released to the environment as a side effect of plant 
production or animal breeding. Bauer et al. (2016) indicate that emissions from 
farms pose a major threat in the form of atmospheric air pollution. In addition, these 
emissions exceed all other sources of dust pollution, generated by humans. This is 
the case mainly in most of the United States of America, in Europe, Russia and 
China. The phenomenon is caused by the fumes of nitrogen fertilizers and livestock 
manure (Bauer et al., 2016). According to Steinfeld et al. (2006), agriculture is 
responsible for 14% of global greenhouse gas emissions. In many areas of the US 
and Europe, intensive cultivation and breeding of animals increases with the growth 
of the global population and the demand for food.  
 
In recent years, modern production technologies, including livestock production (e.g. 
modern animal nutrition), have resulted in increased productivity (Msangi et al., 
2014), but also increased concentration of animal herds (Aneja et al., 2009; 
Thornton, 2010; Vaarst et al., 2012). Agricultural production poses a serious threat 
to water purity (Mateo-Sagasta et al., 2017) and its use (Pimentel et al., 2004). 
Water scarcity is an uncertainty that must be overcome in the process of socio-
economic development (Falkenmark, 2013). Therefore, in the face of its shortages, it 
is important to look for effective methods of purification (Simmons, 1979) or to 
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prevent pollution. Water management for agriculture is linked to food production, 
rural development and management of natural resources (Iglesias et al., 2015). 
During agricultural production, many waste materials are created that can pollute the 
environment. They can also become a valuable resource. For example, agricultural 
waste can be used for energy production purposes (Gołębiewski, 2013).  
 
Pollution generated by agriculture constitutes a significant component that reduces 
social well-being, in particular, in terms of environmental public goods, which are 
delivered to the society, as pointed out by Brelik (2016), “as a byproduct” of typical 
agricultural production (Brelik, 2013; 2016). Therefore, the problem is sufficiently 
important to fit into the framework of soil and natural resources management, 
including their use in the manner that would allow for their recovery in the future. 
Thus identification of externalities in agriculture and their impact on resource 
management remains one of the  
 
A measurement of the level of external effects in agriculture has been proposed by 
Chen et al. (2014) for Finnish agriculture. Similar research has been conducted for 
the conditions of Polish agriculture, aimed at assessment of the negative externalities 
of agricultural activity and determining whether their level depends on the size of 
farms. The study assumed the following hypothesis to be verified:  
 
H1: In regions with a higher average farm area, there is a higher level of negative 
externalities of agricultural activity.  
 
Research in this area can serve as an important contribution to the discussion on 
validity of  solutions applied in reducing the negative effects of agricultural activity 
while ensuring a sufficient amount of food products. 
 
3. Materials and methods 
 
Externalities generated during agricultural production were measured using the 
index of agri-environmental externalities, developed using the fuzzy set theory 
(Zadech, 1995). The index consists of seven components that have been assessed by 
16 experts to be of utmost importance for development of externalities, and the 
selected variables have been assigned proper weights. The experts had proper 
qualifications in the area of environmental threats (scientists and practitioners). Data 
was also collected on the value of individual variables in years 2004-2015, 
separately for each of the 16 voivodeships of Poland. The components used to 
develop the index on the basis of available literature on the subject (Chen   2014) 
included (Table 1): 
 
Table 1. Index components 
No. Variable description Weight (%) 
x1 nitrogen balance 20 
x2 phosphorus balance 15 
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x3 cattle density (in equivalent of the number of 
animals per arable land area), 
13 
x4 pig population density (in equivalent of the 
number of drove per arable land area), 
14 
x5 share of land set aside in arable land area 10 
x6 share of permanent pastures  in arable land area 14 
x7 share of environment-friendly crops in arable 
land area 
14 
 
Variables x1, x2, x3, x4 exert positive impact on generation of negative externalities, 
therefore their maximum level has been determined at fuzzy membership level of 1. 
This indicates their key role in generating negative externalities (of agri-
environmental nature). Fuzzy membership level of 0 corresponds with minimum 
contribution to these externalities. On the other hand, variables x5, x6, x7 have 
negative impact on negative agri-environmental externalities. Therefore, fuzzy 
membership was determined to be 0 for the highest values and to be 1 for the lowest 
values of these variables. Individual xi indexes for all voivodeships in the matrix 
were then combined (Chen et al., 2014): 
 
         (1) 
 
where: rij = µ(x), i = 1,2, …,7 variables and j = 1,2,…,16 regions. 
The weights assigned by experts to individual variables were recorded as follows: A 
= (a1, a2, a3, a4, a5, a6, a7), where . 
The synthetic measure of agri-environmental externalities assumes values within the 
range < 0:1>. 
 
For the purpose of verification of the hypothesis developed, an econometric model 
was applied, explaining, at a certain level of probability, the correlations between the 
emerging environmental effects and the farm size. The model was developed on the 
basis of empirical material gathered, aggregated in panel format. A static linear 
model for panel data can be expressed using the following formula: 
 
,                                  (2) 
 
where  is the dependent variable (externalities index) is the vector of external 
variables  is the individual effect for each unit examined,  is the vector of 
parameters in the model, and  is the random model component. Two types of 
estimation are used: for fixed effects and for random effects (Verbeek, 2004). A 1-
way model with random effects takes the form illustrated by formula: 
 
,                                    (3) 
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where  represents the dependent variable, represents the vector of external 
variables,  is the individual effect for each unit examined,  is the vector of 
structural parameters in the model,  is a random component and  is the free term 
in the model. The effects in this model are random, and thus it is not necessary to 
estimate any additional parameters. The model can be presented as:  
   
                                  (4) 
 
                                               (5) 
 
for , where  is the sum of random individual effects (that is, ) 
and random noise (that is,  ) (Verbeek 2004, Gelman, 2005). 
 
4. Results and Discussion  
 
A synthetic index of agri-environmental effects was established for each region 
(voivodship) in Poland. As a result, it was possible to rank the voivodeships in terms 
of environmental effects generated by agriculture (Figure 1). 
 
Figure 1. Average level of the environmental effects indicator in Poland, by 
voivodeship (in 2004-2015) 
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The Wielkopolska voivodeship was characterized by the highest level of negative 
externalities, in which the level of the negative external effects index was more than 
2.5 times higher than in the Podkarpackie Voivodeship. This indicates a wide variety 
of external effects generated by agriculture at a regional level. This is mainly due to 
the fact that small (surface) farms in southern Poland (Małopolskie and 
Podkarpackie voivodeship) were characterized by a low stocking density and a 
favorable structure of agricultural land (a large share of meadows, pastures and 
organic farming areas). Agriculture in these regions is extensive.  
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The average area of farms was also determined in individual provinces. Agricultural 
holdings in Poland are characterized by a large spatial diversity in terms of 
agricultural area. Such differentiation was also demonstrated by Kopiński and 
Matyka (2016). The research attempts to answer the question about the importance 
of the area of farms in shaping the indicator of environmental effects. An 
econometric linear model for panel data was used. In order to verify the assumed 
hypothesis, the following variables were used: the dependent variable (explanatory): 
agri-environmental externalities index by voivodeships and an independent variable 
(explanatory): the average area of agricultural land [ha] on farms in individual 
voivodeships. The independent variable was logarithmized (for easier interpretation 
of the results). Non-linear relations between the explanatory variable and the 
explanatory variable were also examined, e.g. a square relationship (i.e. a parabolic 
relation). The information presented in Figure 2 indicates the validity of checking 
the value of the mean square-to-square area in the model. 
 
Figure 2. The level of agri-environmental effects and the logarithmized average 
area of UAA on farms 
 
 
Table 1 presents the results of tests examining the significance of the individual 
effect (voivodeships) and the variation in value over time. 
 
Table 1. Significance of the individual effect: voivodeship, years 
Tested effect Test statistic 
Degree of freedom 
number 
Significance (p – 
value) 
Voivodeships 38.024 15 ; 157 < 0.001* 
Years 2.868 9 ; 157 0.004* 
*significant at a level of p<0,05. 
 
The F test statistic for the significance of the province effect is equal to F (15; 157) = 
38.024. The significance of the test is close to zero (p < 0.001). Therefore, with the 
assumed 5% level of significance (α = 0.05), it should be stated that the voivodeship 
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effect is significant and should be included in the panel model. The F test statistic for 
the significance of the Year (time) effect is F (9; 157) = 2.868. The significance of 
the test is p = 0.004. Thus, with the assumed 5% significance level (α = 0.05), the 
effect of the Year (i.e. time) is important and should be included in the panel model. 
 
In order to select the effect in the econometric model, which will be the proper 
phenomenon (choice between constant and random effect), the Hausman test was 
carried out. The χ2 statistic of the Hausman test showing the effect (permanent or 
random) that should be used in the econometric model is equal to χ2 (2) = 31.136. 
The significance of the test is close to zero (p < 0.001). Thus, with the assumed 5% 
significance level (α = 0.05), it is concluded that a model with a constant effect is 
appropriate. 
 
To test whether the variance of residues between voivodeships is significantly 
different from each other, i.e. whether there is a heteroskedasticity effect that 
negatively affects the correctness of the significance assessment of the model 
parameters, the Breusch-Pagan test was conducted. The value of the Breusch-Pagan 
test statistic is equal to 61,341 at 17 degrees of freedom. The significance of the test 
is close to zero (p < 0.001). Therefore, with the assumed 5% level of significance (α 
= 0.05), one should reject hypothesis zero H0 which assumes the equality of residual 
variances between voivodeships (homoscedasticity) in favor of the alternative 
hypothesis H1 proclaiming the occurrence of this effect (heteroscedasticity of the 
random component). 
 
The value of the F statistic of the test for model significance is F (2; 142) = 36.16. Its 
significance is close to zero (p < 0.001). Therefore, with the assumed 5% 
significance level  (α = 0.05), it should be stated that the model being constructed 
significantly explains the variability of the explained variable. The value of the 
determination coefficient R2 equal to R2= 25.81% means that the model at approx. 
25.81% explains the variability of the explained variable, i.e. the variability of the 
index of agri-environmental externalities. Table 2 presents the values of the 
estimated parameters, estimation errors of these parameters as well as the value and 
significance of tests examining whether their impact is significant. 
 
Table 2. Model characteristics 
Variable in model Parameter 
Parameter 
estimation 
error 
Statistic value  t 
Significance  
(p – value ) 
Average area 0.221 0.276 0.802 0.424 
Square of the 
average area 
-0.126 0.053 -2.391 0.018* 
*significant at level p<0,05. 
 
The value of the test t statistic for the significance of the parameter at a logarithmic 
variable describing the average surface is equal to t = 0.802, and the significance of 
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the test is equal to p = 0.424. Therefore, given the 5% significance level (α = 0.05), 
it should be noted that this variable does not have a significant impact on the value 
of the agri-environmental externalities indicator. 
 
However, the value of the test t statistic for the significance of the parameter at the 
square of a logarithmic variable describing the average surface is equal to t = -2.391 
and the significance of the test is equal to p = 0.018. Therefore, with the 5% level of 
significance (α = 0.05) adopted, it should be assumed that the variable significantly 
affects the value of the indicator of agri-environmental externalities. The following 
interpretation of parameters in the model has been adopted: The parameter at the 
square of the logarithmic variable - average area - is equal to -0.126. It is a technical 
variable, which means that the relationship between the values of the agri-
environmental externalities index and the average surface area is square (not linear, 
and the relation is described in the reverse parabola). This means that the agri-
environmental externalities index value changes depending on the average farm area. 
Due to the non-linear character of this correlation, it can be stated that increase in the 
level of externalities described by the index takes place only up to a certain UAA 
area of the farm. After this level has been exceeded, the index value starts to 
decrease. This relationship is presented in Figure 3. 
 
Figure 3. Relationship between agri-environmental effects indicator and average 
surface area 
 
 
It can be concluded that the surface of the farm has a significant impact on the level 
of external effects generated by agriculture. Wilk and Lebiecka, however, pointed 
out, after examining large farms (large-area farms), that their activities do not 
necessarily have to be connected with environmental threats. While examining the 
level of sustainability, it was found that although it is easier for smaller farms to 
maintain the environmental balance, large farms are also able to maintain this 
balance (Wilk and Lebiecka, 2006). Small farms also may not always obey 
environmental protection rules (they may be environmentally unsustainable) 
(Pajewski, 2018). 
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5. Conclusion 
 
Production in agriculture occurs with the use resources from the natural 
environment. It is important, therefore, that these resources serve humankind for as 
long as possible. In this context, the assessment of the negative effects of agricultural 
activity which sometimes lead to the degradation of this environment is an important 
and contemporary problem. The conducted research into the emergence of agri-
environmental externalities in agriculture, supported by a detailed analysis of the 
collected material, confirm the validity of the adopted research hypothesis. The 
construction of a synthetic indicator made it possible to assess the emergence of 
environmental effects at a regional level. It was proven that there is a relationship 
between the size of agricultural area on farms and the level of negative agri-
environmental externalities.  
 
Based on the constructed model verifying the hypothesis, it can be concluded that 
along with an increase in the average area of farms, the index values decreased, and 
this decrease was not linear but square. This means that with small to medium-sized 
areas, the value is larger than with a large to medium area of farms. It is possible to 
reconcile the problems of environmental threats in agriculture with a high level of 
production and efficiency achieved using modern manufacturing technologies. 
Modern production technologies, in large farms, allow limiting negative 
externalities. 
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